There is a preponderance of evidence that, in the setting of an acute coronary syndrome, an invasive approach using coronary revascularization has a morbidity and mortality benefit. However, recent stable ischemic heart disease (SIHD) randomized clinical trials testing whether the addition of coronary revascularization to guideline-directed medical therapy (GDMT) reduces death or major cardiovascular events have been negative. Based on the evidence from these trials, the primary role of GDMT as a front line medical management approach has been clearly defined in the recent SIHD clinical practice guideline; the role of prompt revascularization is less precisely defined. Based on data from observational studies, it has been hypothesized that there is a level of ischemia above which a revascularization strategy might result in benefit regarding cardiovascular events. However, eligibility for recent negative trials in SIHD has mandated at most minimal standards for ischemia. An ongoing randomized trial evaluating the effectiveness of randomization of patients to coronary angiography and revascularization as compared to no coronary angiography and GDMT in patients with moderatesevere ischemia will formally test this hypothesis. The current review will highlight the available evidence including a review of the published and ongoing SIHD trials.
INTRODUCTION
There is a preponderance of evidence that, in the setting of an acute coronary syndrome, an invasive approach using coronary revascularization has a wellestablished morbidity and mortality benefit. [1] [2] [3] However, the results from recent stable ischemic heart disease (SIHD) randomized clinical trials are inconclusive as to whether the addition of coronary revascularization to guideline-directed medical therapy (GDMT) reduces death or major cardiovascular events. Based on data from observational studies, it has been hypothesized that there is a level of ischemia above which a revascularization strategy might result in benefit regarding cardiovascular events. However, eligibility for recent negative trials in SIHD mandated only minimal standards for ischemia. 4, 5 The current review will highlight the available evidence regarding the potential role of ischemia in guiding decisions for revascularization in SIHD.
CONCEPTS OF RISK-BASED DECISION MAKING
A prominent reason for referral to stress imaging [myocardial perfusion single photon emission computed tomography (SPECT) or positron emission tomography (PET), stress echocardiography, or stress cardiac magnetic resonance imaging (CMR)] is to assess prognosis through the provocation of ischemia and correlates with presenting chest pain or other symptom equivalents. The extent and severity of myocardial ischemia are wellestablished prognosticators, with recent SIHD guidelines supporting Class I indications for its use in SIHD patients. 6, 7 Thus, once myocardial ischemia has been identified, the second step is to delineate its extent and severity. There is a well-defined relationship between the extent and severity of myocardial ischemia and the rate of occurrence of major coronary artery disease (CAD) events. 8 In a classic publication by Hachamovitch et al, 9 the extent and severity of myocardial ischemia directly correlated with incidence of cardiac death and MI (Figure 1 ). In this observational series, increases in the summed stress score, a measure of the combined extent and severity of stress perfusion abnormality, predicted higher rates of MI and death; a summed stress score of [13 was associated with an annual MI risk of 4.2%. In epidemiologic terms, this is defined as a proportional or graded relationship whereby patients with moderate-severe ischemia have the highest CAD event rates. The risk associated with more severe ischemia appears to be multiplicative above that of patients with low risk stress imaging findings. 10 Clinically, using risk-based decision making, patients are categorized from low to high risk subsets in order to identify those requiring more intensive preventive efforts and anti-ischemic therapy, matching intensity of treatment to CAD event risk. 10 For this highest risk group with moderate-severe ischemia, the intensity of management is also graded to include index GDMT with safe deferral of coronary revascularization as based on recent SIHD trials.
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Despite this theorem which generally applies to high risk ischemia patients, the optimized treatment strategy of GDMT with or without revascularization is ill-defined. Based on current randomized trial evidence, the role of intensive GDMT as a front line medical management approach has been clearly defined and has been detailed in the recent SIHD clinical practice guidelines, while the role of prompt revascularization is imprecisely defined and will be discussed herein.

EXPLORATORY ANALYSIS ON THERAPEUTIC RISK REDUCTION FOR PATIENTS WITH SIHD
Observational studies in SIHD patients indicate that revascularization in the setting of moderate to severe myocardial ischemia is associated with a survival benefit over medical therapy alone; although the quality and intensity of medical therapy was not documented. 12, 13 This can be in the form of direct treatment with pharmacologic therapy or lifestyle modification. 14 There are additional observational series in patients with left ventricular systolic dysfunction in which the aim is to identify hibernating and ischemic myocardium. 15, 16 In these reports, a threshold of ischemia associated with an improved survival following prompt revascularization was not reported. Moreover, in a recent secondary analysis from NIH-NHLBI-sponsored Surgical Treatment for IsChemic Heart Failure (STICH) trial, survival was similar for patients with and without ischemia and there was no interaction between ischemia and treatment for any of the trial endpoints. 17 These cohorts with left ventricular dysfunction support that current data fail to support a threshold of ischemia Figure 1 . Risk stratification with stress myocardial perfusion SPECT imaging.
whereby early revascularization is associated with improved cardiac outcomes.
ISCHEMIA-GUIDED MEDICAL AND SURGICAL MANAGEMENT Clinical Outcomes Using Revascularization and Aggressive Drug Evaluation (COURAGE) Trial
The Department of Veterans' Affairs-sponsored COURAGE trial randomized a total of 2,287 SIHD patients with significant CAD and site-defined evidence of myocardial ischemia to a strategy of GDMT or GDMT plus revascularization with percutaneous intervention (PCI). A proximal epicardial stenosis of at least 70% had to be accompanied by ST segment depression or T wave inversions on the resting electrocardiogram or inducible ischemia on EKG or perfusion during stress testing. If at least 80% proximal epicardial stenosis was present in patients with classic angina symptoms, stress testing was not required. In terms of the severity of ischemia, minimal criteria were applied for trial eligibility including the presence of a stress-induced defect in one or more myocardial segments. In a recent subset analysis of patients undergoing pre-treatment stress MPI, *60% had no to mild ischemia at the time of randomization. 18 The main trial results revealed that the primary endpoint of all-cause death or MI was reached in 19.0% of the GDMT plus PCI group and 18.5% of the GDMT arm (P = .62). 4 Although the main trial results were negative, interesting findings were reported on differences in symptoms based on randomization. The Seattle Angina Questionnaire scores within subscales of angina frequency and stability improved in both the GDMT alone and the GDMT plus PCI arms. 19 An incremental, statistically significant, improvement was initially seen in the GDMT plus PCI arm as compared to the GDMT alone arm through 36 months of follow-up. However, by 5 years of follow-up, nearly three-fourths of patients enrolled in the COURAGE trial were angina-free. 4, 19 These results revealed interesting differences in provocative symptoms and were further evaluated within a nuclear substudy that enrolled a total of 314 patients. 20 In this substudy, patients underwent serial MPI where differences in quantification were compared from prerandomization and again at *1 year of follow-up 20, 21 ( Figure 2) . Specifics of the protocol have been provided in detail. 21 In brief, the baseline MPI was performed prior to initiation of randomized treatment, following discontinuation of anti-ischemic therapy for 24-48 hours. For this substudy, the primary endpoint was a post-treatment reduction of C5% ischemic myocardium using quantitatively evaluated total perfusion defects including both defect extent and severity. 22 While significant reduction in ischemic myocardium was observed in both treatment groups, a greater reduction was seen in the trial patients randomized to PCI with GDMT as compared to GDMT alone (33% vs 19%, P = .0004). 20 Concomitant reductions in angina were also reported with these noted reductions in ischemia. One of the most striking findings from this substudy was the significant change reported for patients with moderate-severe myocardial ischemia at the time of randomization. In patients with moderate-severe ischemia, the majority of patients in the PCI arm had a significant reduction in percent ischemic myocardium (78%) as compared to those randomized to GDMT alone (52%, P = .007). Even with pre-treatment testing being performed while holding anti-ischemic and anti-cholesterol lowering medications, these reductions are striking. These results were hypothesis generating but suggest that there may be a differential benefit of ischemia reduction for patients with moderate as compared to mild ischemia.
Earlier analyses explored the role of pre-treatment ischemia as exerting an influential effect on randomized treatment. 12 In a small subset analysis of patients with site-defined three ischemic segments (out of a total of 6 segments visually assessed), there was no difference in clinical outcomes for patients that were randomized to PCI plus GDMT as compared to GDMT alone (P = .44). This secondary analysis was underpowered but calls for additional research that may aid in the targeted development of SIHD strategies aimed at this higher risk cohort of patients with moderate-severe ischemia.
Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) Trial
Following the COURAGE trial, the results from the National institutes of Health-National Heart, Lung, and Blood Institute (NIH-NHLBI)-sponsored BARI 2D trial were reported. 5 A total of 2,368 SIHD patients with CAD and type 2 diabetes were randomized to medical therapy (MED) or MED plus revascularization with a second randomization based on insulin-sensitization vs insulin-provision therapy. Patients were required to have at least one epicardial coronary artery stenosis [50% on coronary angiography with a positive stress test or [70% with classic angina. Patients with significant left main stenosis or unstable clinical status were excluded. There was no reduction in the primary endpoint of death from any cause (11.7% vs 12.2%, P = .97) or the principal secondary outcome of major cardiovascular events (composite of death, myocardial infarction, or stroke) (77.2% vs 75.9%, P = .70) with revascularization over GDMT alone. 42.1% of patients who were initially assigned to GDMT alone crossed over to revascularization within the 5-year follow-up period.
This reinforces the fact that both BARI 2D and COURAGE compared initial management strategies, but many patients assigned to medical therapy alone eventually underwent revascularization during the follow-up period. 4, 5 As part of BARI 2D, a total of 1,505 patients underwent adenosine stress MPI at *1 year post-randomization using quantitative core lab interpretation 23, 24 ( Figure 3 ). Pre-randomization MPI results were not available. Similar to the results of the COURAGE nuclear substudy, at 1 year of follow-up, less myocardial ischemia was observed in the revascularized arm compared to the MED group. Quantitative perfusion evaluations showed median % ischemic myocardium of 2% (interquartile range: 2%-10%) for the MED group vs 0% (interquartile range: 0%-7%) for the revascularized patients (P \ .0001). There was no difference by randomized treatment in the % fixed myocardium (P = .85), supporting earlier trial results of a reduced ischemic burden following targeted anti-ischemic therapeutic management. 25 Additional analyses on the 1-year adenosine SPECT scan revealed that a decreased post-stress left ventricular ejection fraction and moderately to severely abnormal MPI scans were associated with increased rate of CAD death or MI. 18 At 1-year, the 5-year rates of cardiac death or MI were 11.3%, 8.1%, and 6.8%, respectively, for C10%, 5%-9.9%, and 1%-4.9% abnormal myocardium at stress (P \ .0001). In risk-adjusted models, the relative hazard for CAD death or MI was 1.11 for every 5% increase in % abnormal myocardium at stress (P = .004).
A final analysis compared the % ischemic or abnormal myocardium as an interaction with randomized treatment and, similar to the COURAGE trial findings, these results were not statistically significant. These results should also be viewed as exploratory analyses, given the small sample size and the fact that this analysis was not an a priori defined subset analyses. 
FRACTIONAL FLOW RESERVE VS ANGIOGRAPHY FOR MULTIVESSEL EVALUATION (FAME) TRIALS
In the Fractional Flow Reserve vs Angiography for Multivessel Evaluation (FAME) trial, a total of 1,005 patients with known multivessel CAD were randomized to routine PCI vs FFR-guided PCI for patients with ischemia, defined as an FFR measurement of 0.80 or less. 26 In the FAME trial, patients were followed for only 1 year with the primary endpoint of death, MI, or repeat revascularization. The main trial findings revealed a primary endpoint of 18.3% in the routine PCI arm as compared to 13.2% in the FFR-guided PCI arm (P = .02). Similar findings were reported after 2 years of follow-up. 27 As a follow-up to this initial trial, the FAME-2 trial randomized a total of 888 patients with CAD and FFR \0.8 to medical therapy vs FFR-guided PCI plus medical therapy. 28 Prior to completion of the designated followup evaluation, the trial's data safety monitoring board recommended enrollment be stopped after an interim analysis revealed a highly statistically significant decrease in unplanned hospitalization leading to urgent revascularization in the PCI arm. This drove a significant reduction in the primary endpoint (death, MI, or hospitalization for urgent revascularization) for FFR-guided PCI plus medical therapy as compared to medical therapy alone [hazard ratio (HR) 0.32, 95% confidence interval (CI) 0.19-0.53, P \ .0001], as there was no significant difference in mortality (HR 0.33, CI 0.03-3.17, P = .31) or MI (HR 1.05, CI 0.51-2.19, P = .89). Had COURAGE and BARI 2D included urgent revascularization as a component of their primary endpoints, they might also have found a significant difference between treatment groups. In FAME 2, there was an 83% risk reduction with urgent revascularization in the PCI plus GDMT arm as compared to GDMT alone.
In a meta-analysis by Christou et al, 29 the concordance of FFR \0.75 against abnormal nuclear stress testing had a sensitivity of 75% (95% CI 66%-82%) and specificity 77% (95% CI 70%-83%). However, prospective analysis of patients with multivessel CAD on angiography, showed only a 42% concordance in specific ischemic territories between MPI and FFR. 30 Accordingly, one might envision clinically evident discordance between FFR and stress test evidence of ischemia.
EVIDENCE SYNTHESIS IN THE SIHD GUIDELINE
In the 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/ STS Guideline for the Diagnosis and Management of Patients with SIHD, revascularization is recommended for survival benefit in patients with three-vessel CAD ([70% stenosis) or two-vessel disease including the proximal LAD (Class I indication) independent of myocardial ischemia evaluation. For patients with twovessel disease, extensive myocardial ischemia as derived from stress testing, FFR, or viability testing should be the basis for defining a clinical benefit with revascularization. Yet, thresholds for moderate-severe ischemia are not clearly defined and the negative evidence with the COURAGE and BARI 2D trials does not support a survival benefit with revascularization.
A potential explanation for failure of revascularization to reduce the incidence of death or MI in prior SIHD strategy trials is that lower risk patients were permitted into these trials, diluting the power to show a benefit from revascularization. Restricting the study population to only higher risk SIHD patients with more severe and extensive ischemia may be required to demonstrate a reduction in death or MI from revascularization. However, this is purely speculative and requires putting forth a testable hypothesis comparing revascularization as compared to medical therapy approaches in SIHD patients with moderate-severe ischemia.
ONGOING INTERNATIONAL STUDY OF COMPARATIVE HEALTH EFFECTIVENESS WITH MEDICAL AND INVASIVE APPROACHES (ISCHEMIA) TRIAL
In July 2012, enrollment began for the NIH-NHLBI sponsored ISCHEMIA trial. Over 8,000 SIHD patients worldwide will be randomized to an initial invasive strategy of cardiac catheterization, revascularization, and GDMT as compared to an initial conservative strategy of GDMT alone with cardiac catheterization reserved for those who fail medical therapy. In the ISCHEMIA trial, enrolled patients will have core laboratory determined ischemia on stress MPI (PET or SPECT), echocardiography, or CMR (wall motion or perfusion) with the goal of moderate-severe ischemia. 31 This is in contrast to COURAGE and BARI 2D where enrollment was not predicated on core laboratory confirmation of any significant degree of ischemia. 4, 5 The rationale for including multiple imaging modalities is to enhance the generalizability of findings to the diverse modalities that are available to practicing clinicians caring for SIHD patients around the globe.
There was considerable discussion on defining comparable definitions of moderate-severe ischemia for MPI, echocardiography, and CMR. Although the trial investigators examined numerous approaches, it was agreed upon that MPI ischemia that achieved an annual CAD death or MI rate of 5% would be the threshold for the other modalities. For MPI, this is defined as C10% ischemic myocardium. This measurement can be made by a combination of a quantitative evaluation of C10% ischemic myocardium or semiquantitative assessment of a summed difference score of [6, using a 17 segment model and a maximum score of 4 per segment. For stress echocardiography evaluation, moderate ischemia is defined as C3 segments with stress-induced severe hypokinesis or akinesis. For CMR, moderate ischemia was defined as [12% stress perfusion defect without late gadolinium enhancement, or C3 segments with stress-induced severe hypokinesis or akinesia. Since patients will not undergo cardiac catheterization prior to randomization, a blinded CCTA is performed to exclude patients with significant left main stenosis or no obstructive CAD. The primary endpoint will be a composite of cardiovascular death or MI with secondary endpoints including angina-related quality of life and cost. This trial will be completed in *2019.
The ISCHEMIA trial hypotheses attempt to demonstrate the extent to which an angiographic-driven strategy for higher risk SIHD patients with moderatesevere ischemia will or will not improve clinical outcomes. The clinical community has struggled with the application of SIHD strategies based on the negative COURAGE and BARI 2D trials. Thus, support of this important trial should be encouraged within the nuclear and all of the imaging community due to ISCHEMIA being the first trial mandating a threshold extent and severity of ischemia as fundamental to SIHD management. The potential implications for either GDMT or angiographically driven care for the MPI community are immense and could provide the solid evidence base to identify optimal candidates for intensive anti-ischemic management.
CONCLUSIONS
An emphasis on individualized, patient-centered imaging requires identification of patients who benefit from revascularization in addition to GDMT for reduction in angina as well as improvements in reducing incident death or MI. Advanced cardiovascular imaging successfully risk stratifies patients in many situations. Although follow-up in both COURAGE and BARI 2D showed greater reduction in MPI ischemia for revascularization, a morbidity and mortality benefit was not observed in either trial. Whether stress imaging guided decisions on the use of angiography or GDMT result in improved clinical outcomes remains an unproven hypothesis but is currently being evaluated within the ongoing ISCHEMIA trial. We have come a long way in our knowledge but continue to have many questions to answer in the question of ischemia-guided management.
